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certain very undesirable changes in Linnaean 
nomenclature, unavoidable under the rule 
of elimination. Among these are the fol- 
lowing : 

Esox for Belone. 
Syngnathus for Nerophis. 
Polynemm for Pentanemus. 

Meanwhile the confused generic messes 
of Bloch, Lacepede, Swainson, Eafinesque 
and others, could be definitely crystallized 
and made to stand or fall on the generic 
distinction of the first species named. 

The general adoption of such means of 
determining types would go a long way to- 
ward stability of nomenclature, and it is 
possible to use it in case we may be per- 
mitted to apply another method to the 
genera of Linnaeus. If no exceptions can 
be properly made, then, for one, the writer 
would prefer its rigid application to all au- 
thors, Linnaeus included, to the present 
state of confusion. 

In any event, the suggestion of Mr. Cook 
merits serious consideration and reconsider- 
ation, for it has been several times rejected 

by zoologists. 

David Starr Jordan. 



ADDRESS OF THE PRESIDENT OF THE SEC- 
TION OF GEOLOGY OF THE BRITISH 
ASSOCIATION. 

II. 

OBSCURE CHAPTER IN THE EARTH'S HISTORY. 

Before discussing the validity of the ar- 
gument on which this last result depends, 
let us consider how far it harmonizes with 
previous ones. It is consistent with Lord 
Kelvin's and Professor Darwin's, but how . 
does it accord with Professor Joly's ? Sup- 
posing we reduce his estimate to fifty- five 
millions ; what was the earth doing during 
the interval between the period of fifty-five 
millions of years ago and that of only 
twenty-six and one-half millions of years 
ago, when, it is presumed, sedimentary 
rocks commenced to be formed ? Hitherto 



we have been able to reason on probabili- 
ties; now we enter the dreary region of 
possibilities, and open that obscure chapter 
in the history of the earth previously hinted 
at. For there are many possible answers to 
this question. In the first place, the evi- 
dence of the stratified rocks may have been 
wrongly interpreted, and two or three times 
the amount of time we have demanded 
may have been consumed in their forma- 
tion. This is a very obvious possibility, 
yet again our estimate concerning these 
rocks may be correct, but we may have 
erroneously omitted to take into account 
certain portions of the Archaean complex, 
which may represent primitive sedimentary 
rocks formed under exceptional conditions, 
and subsequently transformed under the 
influence of the internal heat of the earth. 
This, I think, would be Professor Bonney's 
view. Finally, Lord Kelvin has argued 
that the life of the sun as a luminous star 
is even more briefly limited than that of 
our oceans. In such a case, if our oceans 
were formed fifty-five millions of years ago, 
it is possible that after a short existence as 
almost boiling water they grew colder and 
colder, till they became covered with thick 
ice, and moved only in obedience to the 
tides. The earth, frozen and dark, except 
for the red glow of her volcanoes, waited 
the coming of the sun, and it was not till 
his growing splendor had banished the long 
night that the cheerful sound of running 
waters was heard again in our midst. Then 
the work of denudation and deposition 
seriously recommenced, not to cease till the 
life of the sun is spent. Thus the thick- 
ness of the stratified series may be a measure 
rather of the duration of sunlight than of 
the period which has elapsed since the first 
formation of the ocean. It may have been 
so — we cannot tell — but it may be fairly 
urged that we know less of the origin, his- 
tory, and constitution of the sun than of 
the earth itself, and that, for aught we can 
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say to the contrary, the sun may have been 
shining on the just-formed ocean as cheer- 
fully as he shines to-day. 

TIME REQUIRED FOR THE EVOLUTION OF THE 
LIVING WORLD. 

But, it will be asked, how far does a 
period of twenty-six millions satisfy the 
demands of biology? Speaking only for 
myself, although I am aware that eminent 
biologists are not wanting who share this 
opinion, I answer, Amply. But, it will be 
exclaimed, surely there are 'comparisons 
in things.' Look at Egypt, where more 
than 4,000 years since the same species of 
man and animals lived and flourished as 
to-day. Examine the frescoes and study 
the living procession of familiar forms they 
so faithfully portray, and then tell us, how 
comes it about that from changes so slow as 
to be inappreciable in the lapse of forty 
centuries you propose to build up the whole 
organic world in the course of a mere 
twenty-six millions of years ? To all which 
we might reply that even changeless Egypt 
presents us with at least one change — the 
features of the ruling race are to-day not 
quite the same as those of the Pharaohs. 
But putting this on one side, the admitted 
constancy in some few common forms 
proves very little, for so long as the environ- 
ment remains the same natural selection 
will conserve the type, and, so far as we are 
able to judge, conditions in Egypt have 
remained remarkably constant for a long 
period. 

Change the conditions, and the resulting 
modification of the species becomes mani- 
fest enough ; and in this connection it is 
only necessary to recall the remarkable 
mutations observed and recorded by Pro- 
fessor Weldon in the case of the crabs in 
Plymouth Harbor. In response to increas- 
ing turbidity of the sea water these crabs 
have undergone or are undergoing a change 
in the relative dimensions of the carapace, 
which is persistent, in one direction, and 



rapid enough to be determined by measure- 
ments made at intervals of a few years. 

Again, animals do not all change their 
characters at the same rate : some are 
stable, in spite of changing conditions, and 
these have been cited to prove that none of 
the periods we look upon as probable, not 
twenty-five, not a hundred millions of years, 
scarce any period short of eternity, is suffi- 
cient to account for the evolution of the 
living world. If the little tongue- shell, 
IAngula, has endured with next- to no per- 
ceptible change from the Cambrian down 
to the present day, how long, it is some- 
times inquired, would it require for the 
evolution of the rest of the animal king- 
dom ? The reply is simple : the cases are 
dissimilar, and the same record which as- 
sures us of the persistency of the Lingula 
tells us in language equally emphatic of the 
course of evolution which has led from the 
lower organisms upwards to man. In re- 
cent and Pleistocene deposits the relics of 
man are plentiful: in the latest Pliocene 
they have disappeared, and we encounter 
the remarkable form Pithecanthropus ; as we 
descend into the Tertiary systems the 
higher mammals are met with, always sink- 
ing lower and lower in the scale of organi- 
zation as they occur deeper in the series, 
till in the Mesozoic deposits they have en- 
tirely disappeared, and their place is taken 
by the lower mammals, a feeble folk, offer- 
ing little promise of the future they were 
to inherit. Still lower, and even these are 
gone ; and in the Permian we encounter 
reptiles and the ancestors of reptiles, prob- 
ably ancestors of mammals too ; then into 
the Carboniferous, where we find amphib- 
ians, but no true reptiles; and next into 
the Devonian, where fish predominate, after 
making their earliest appearance at the 
close of the Silurian times ; thence down- 
wards, and the vertebrata are no more 
found — we trace the evolution of the in- 
vertebrata alone. Thus the orderly proces- 



November 23, 1900.] 



SCIENCE. 



789 



sion of organic forms follows in precisely 
the true phylogenetic sequence; inverte- 
brata first, then vertebrata, at first fish, 
then amphibia, next reptiles, soon after 
mammals, of the lowlier kinds first, of the 
higher later, and these in increasing com- 
plexity of structure till we finally arrive at 
man himself. While the living world was 
thus unfolding into new and nobler forms, 
the immutable Lingula simply perpetuated 
its kind. To select it, or other species 
equally sluggish, as the sole measure of the 
rate of biologic change would seem as 
strange a proceeding as to confound the 
swiftness of a river with the stagnation of 
the pools that lie beside its banks. It is 
occasionally objected that the story we 
have drawn from the paleontological record 
is mere myth or is founded only on nega- 
tive evidence. Cavils of this kind prove a 
double misapprehension, partly as to the 
facts, partly as to the value of negative 
evidence, which may be as good in its way 
as any other kind of evidence. 

Geologists are not unaware of the pitfalls 
which beset negative evidence, and they do 
not conclude from the absence of fossils in 
the rocks which underlie the Cambrian that 
pre-Cambrian periods were devoid of life; on 
the contrary, they are fully persuaded that 
the seas of those times were teeming with 
a rich variety of invertebrate forms. How 
is it that, with the exception of some few 
species found in beds immediately underly- 
ing the Cambrian, these have left behind 
no vestige of their existence ? The expla- 
nation does not lie in the nature of the sedi- 
ments, which are not unfitted for the preser- 
vation of fossils, nor in the composition of 
the then existing sea water, which may 
have contained quite as much calcium car- 
bonate as occurs in our present oceans ; and 
the only plausible supposition would appear 
to be that the organisms of that time had 
not passed beyond the stage now repre- 
sented by the larvae of existing invertebrata, 



and consequently were either unprovided 
with skeletons, or at all events with skele- 
tons durable enough for preservation. If 
so, the history of the earlier stages of the 
evolution of the invertebrata will receive 
no light from paleontology and no direct 
answer can be expected to the question 
whether, eighteen or nineteen millions of 
years being taken as sufficient for the evo- 
lution of the vertebrata, the remaining 
available eight millions would provide for 
that of the invertebrate classes which are 
represented in the lowest Cambrian deposits. 
On a priori grounds there would appear to 
be no reason why it should not. If two mil- 
lions of years afforded time enough for the 
conversion of fish into amphibians, a similar 
period should suffice for the evolution of 
trilobites from annelids, or of annelids 
from trochospheres. The step from gastru- 
las to trochospheres might be accomplished 
in another two millions, and two millions 
more would take us from gastrulas through 
morulas to protozoa. 

As things stand, biologists can have 
nothing to say either for or against such a 
conclusion ; they are not at present in a 
position to offer independent evidence ; nor 
can they hope to be so until they have 
vastly extended those promising investiga- 
tions which they are only now beginning to 
make into the rate of the variation of spe- 
cies. 

UNEXPECTED ABSENCE OF THERMAL META- 
MORPHOSIS IN ANCIENT ROOKS. 

Two difficulties now remain for discus- 
sion: one based on theories of mountain 
chains, the other on the unaltered state of 
some ancient sediments. The latter may 
be taken first. Professor van Hise writes 
as follows regarding the pre-Cambrian 
rocks of the Lake Superior district : " The 
Penokee series furnishes an instructive les- 
son as to the depth to which rocks may be 
buried and yet remain but slightly affected 
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by metamorphosis. The series itself is 
14,000 feet thick. It was covered before 
being upturned with a great thickness of 
Keweenaw rock. This series of the Mon- 
treal Eiver is estimated to be 50,000 feet 
thick. Adding to this the known thickness 
of the Penokee series, we have a thickness 
of 64,000 feet. * * * The Penokee rocks 
were then buried to a great depth, the 
exact amount depending upon their horizon 
and upon the stage in Keweenaw time, 
when the tilting and erosion, which brought 
them to the surface, commenced. 

" That the synclinal trough of Lake 
Superior began to form before the end of 
the Keweenaw period, and consequently 
that the Penokee rocks were not buried 
under the full succession, is more than 
probable. However, they must have been 
buried to a great depth — at least several 
miles — and thus subjected to high pressure 
and temperature, notwithstanding which 
they are comparatively unaltered." * 

I select this example because it is one of 
the best instances of a difficulty that occurs 
more than once in considering the history 
of sedimentary rocks. On the supposition 
that the rate of increment of temperature 
with descent is 1° F. for every 84 feet, or 
1° C. for every 150 feet, and that it was no 
greater during these early Penokee times, 
then at a depth of 50,000 feet the Penokee 
rocks would attain a temperature of nearly 
333° C; and since water begins to exert pow- 
erful chemical action at 180° C. they should, 
on the theory of a solid cooling globe, have 
Buffered a metamorphosis sufficient to ob- 
scure their resemblance to sedimentary 
rocks. Either then the accepted rate of 
downward increase of temperature is erro- 
neous, or the Penokee rocks were never de- 
pressed, in the place where they are exposed 
to observation, to a depth of 50,000 feet. 
Let us consider each alternative, and in 

*Tmth Annual Eeport U. S. Geol. Survey, 1888-89, 
p. 457. 



the first place Jet us apply the rate of tem- 
perature increment determined by Professor 
Agassiz in this very Lake Superior district: 
it is 1° C. for every 402 feet, and twenty- 
five millions of years ago, or about the time 
when we may suppose the Penokee rocks 
were being formed, it would be 1° C. for 
every 305.5 feet, with a resulting tempera- 
ture, at a depth of 50,000 feet, of 163° C. 
only. Thus the admission of a very low 
rate of temperature increment would meet 
the difficulty ; but on the other hand, it 
would involve a period of several hundreds 
of millions of years for the age of the ' con- 
sistentior status,' and thus greatly exceed 
Professor Joly's maximum estimate of the 
age of the oceans. We may therefore turn 
to the second alternative. As regards this, 
it is by no means certain that the exposed 
portion of the Penokee series ever was de- 
pressed 50,000 feet ; the beds lie in a syn- 
clinal the base of which indeed may have 
sunk to this extent, and entered a region of 
metamorphosis ; but the only part of the 
system that lies exposed to view is the up- 
turned margin of the synclinal, and as to 
this it would seem impossible to make any 
positive assertion as to the depth to which 
it may or may not have been depressed. 
To keep an open mind on the question 
seems our only course for the present, but 
difficulties like this offer a promising field 
for investigation. 

THE FORMATION OF MOUNTAIN RANGES. 

It is frequently alleged that mountain 
chains cannot be explained on the hypoth- 
esis of a solid earth cooling under the 
conditions and for the period we have sup- 
posed. This is a question well worthy of 
consideration, and we may first endeavor 
to picture to ourselves the conditions under 
which mountain chains arise. The floor of 
the ocean lies at an average depth of 2,000 
fathoms below the land, and is maintained 
at a constant temperature, closely approach- 
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ing 0° C, by the passage over it of cold 
water creeping from the polar regions. The 
average temperature of the surface of the 
land is above zero, but we can afford to dis- 
regard the difference in temperature be- 
tween it and the ocean floor, and may take 
them both at zero. Consider next the in- 
crease of temperature with descent, which 
occurs beneath the continents : at a depth 
of 13,000 feet, or at same depth as the 
ocean floor, a temperature of 87° C. will be 
reached on the supposition that the rate of 
increase is 1° C. for 150 feet, while with the 
usually accepted rate of 1° C. for 108 feet it 
would be 120° C. But at this depth the 
ocean floor, which is on the same spherical 
surface, is at 0° C. Thus surfaces of equal 
temperature within the earth's crust will 
not be spherical, but will rise or fall beneath 
an imaginary spherical or spheroidal sur- 
face, according as they occur beneath the 
continents or the oceans. No doubt at 
some depth within the earth the departure 
of isothermal surfaces from a spheroidal 
form will disappear ; but considering the 
great breadth both of continents and oceans, 
this depth must be considerable, possibly 
even forty or fifty miles. Thus the sub- 
continental excess of temperature may make 
itself felt in regions where the rocks still 
retain a high temperature, and are proba- 
bly not far removed from the critical fusion 
point. The effect will be to render the 
continents mobile as regards the ocean 
floor ; or vice versa, the ocean floor will 
be stable compared with the continental 
masses. Next it may be observed that the 
continents pass into the bed of the ocean by 
a somewhat rapid flexure, and that it is 
over this area of flexure that the sediments 
denuded from the land are deposited. 
Under its load of sediment the sea floor 
sinks down, subsiding slowly, at about the 
same rate as the thickness of sediment in- 
creases ; and whether as a consequence or a 
cause, or both, the flexure marking the 



boundary of land and sea becomes more 
pronounced. A compensating movement 
occurs within the earth's crust, and solid 
material may flow from under the subsid- 
ing area in the direction of least resistance, 
possibly towards the land. At length, 
when some thirty or forty thousand feet of 
sediment have accumulated in a basin-like 
form, or, according to our reckoning, after 
the lapse of three or four millions of years, 
the downward movement ceases, and the 
mass of sediment is subjected to powerful 
lateral compression, which, bringing its 
borders into closer proximity by some ten 
or thirty miles, causes it to rise in great 
folds high into the air as a mountain chain. 

It is this last phase in the history of 
mountain making which has given geolo- 
gists more cause for painful thought than 
probably any other branch of their subject, 
not excluding even the age of the earth. It 
was at first imagined that during the flow 
of time the interior of the earth lost so 
much heat, and suffered so much contrac- 
tion in consequence, that the exterior, in 
adapting itself to the shrunken body, was 
compelled to fit it like a wrinkled garment. 
This theory, indeed, enjoyed a happy exist- 
ence till it fell into the hands of mathema- 
ticians, when it fared very badly, and now 
lies in a pitiable condition neglected of its 
friends.* 

For it seemed proved to demonstration 
that the contraction consequent on cooling 
was wholly, even ridiculously, inadequate 
to explain the wrinkling. But when we 
summon up courage to inquire into the data 
on which the mathematical arguments are 
based, we find that they include several as- 
sumptions, the truth of which is by no 
means self-evident. Thus it has been as- 
sumed that the rate at which the fusion 
point rises with increased pressure is con- 
stant, and follows the same law as is deduced 

* "With some exceptions, notably Mr. C. Davison, 
a consistent supporter of the theory of contraction. 
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from experiments made under such pres- 
sures as we can command in our laboratories 
down to the very center of the earth, where 
the pressures are of an altogether differ- 
ent order of magnitude ; so with a still 
more important coefficient, that of expan- 
sion, our knowledge of this quantity is 
founded on the behavior of rocks heated 
under ordinary atmospheric pressure, and 
it is assumed that the same coefficient as is 
thus obtained may be safely applied to ma- 
terial which is kept solid, possibly near the 
critical point, under the tremendous pres- 
sure of the depths of the crust. To this last 
assumption we owe the terrible bogies that 
have been conjured out of ' the level of no 
strain.' The depth of this, as calculated by 
the Rev. 0. Fisher, is so trifling that it 
would be passed through by all very deep 
mines. Mr. C. Davison, however, has shown 
that it will lie considerably deeper, if the 
known increase of the coefficient of ex- 
pansion with rise of temperature be taken 
into account. It is possible, it is even likely, 
that the coefficient of expansion becomes 
vastly greater when regions are entered 
where the rocks are compelled into the solid 
state by pressure. So little do we actually 
know of the behavior of rock under these 
conditions that the geologist would seem to 
be left very much to his own devices ; but 
it would seem there is one temptation he 
must resist — he must not take refuge in the 
hypothesis of a liquid interior. 

We shall boldly assume that the contrac- 
tion at some unknown depth in the interior 
of the earth is sufficient to afford the expla- 
nation we seek. The course of events may 
then proceed as follows : The contraction 
of the interior of the earth, consequent on 
its loss of heat, causes the crust to fall upon 
it in folds, which rise over the continents 
and sink under the oceans, and the flexure 
of the area of sedimentation is partly a 
consequence of this folding, partly of over- 
loading. By the time a depression of some 



30,000 or 40,000 feet has occurred along the 
ocean border the relation between conti- 
nents and oceans has, become unstable, and 
readjustment takes place, probably by a 
giving way of the continents, and chiefly 
along the zone of greatest weakness — i. e., 
the area of sedimentation, which thus be- 
comes the zone of mountain building. It 
may be observed that at great depths read- 
justment will be produced by a slow flowing 
of solid rock, and it is only comparatively 
near the surface, five or ten miles at the 
most below, that failure of support can lead 
to sudden fracture and collapse ; hence the 
comparatively superficial origin of earth- 
quakes. 

Given a sufficiently large coefficient of 
expansion — and there is much to suggest 
its existence — and all the phenomena of 
mountain ranges become explicable; they 
began to present an appearance that in- 
vites mathematical treatment ; they inspire 
us with the hope that from a knowledge of 
the height and dimensions of a continent 
and its relations to the bordering ocean we 
may be able to predict when and where 
a mountain chain should arise, and the 
theory which explains them promises to 
guide us to an interpretation of those 
world-wide unconformities which Suess can 
only account for by a transgression of the 
sea. Finally it relieves us of the difficulty 
presented by mountain formation in re- 
gard to the estimated duration of geological 
time. 

INFLUENCE OF VARIATIONS IN THE ECCEN- 
TRICITY OF THE EARTH'S ORBIT. 

This may perhaps be the place to notice 
a highly interesting speculation which we 
owe to Professor Blytt, who has attempted 
to establish a connection between periods 
of readjustment of the earth's crust and 
variations in the eccentricity of the earth's 
orbit. Without entering into any discus- 
sion of Professor Blytt's methods, we may 
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offer a comparison of his results with those 
that follow from our rough estimate of one 
foot of sediment accumulated in a century. 

TABLE SHOWING THE TIME THAT HAS ELAPSED 
SINCE THE BEGINNING OF THE SYSTEMS IN THE 
FIRST COLUMN, AS BECKONED FEOM THICKNESS 
OF SEDIMENT IN THE SECOND COLUMN, AND BY 
PEOFESSOE BLYTT IN THE THIED. 

Years. Years. 

Eocene 4,200,000 3,250,000 

Oliogocene 3,000,000 1,810,000 

Miocene 1,800,000 1,160,000 

Pliocene 900,000 700,000 

Pleistocene 400,000 350,000 

It is now time to return to the task, too 
long postponed, of discussing the data from 
which we have been led to conclude that a 
probable rate at which the sediments have 
accumulated in places where they attain 
their maximum thickness is one foot per 
century. 

BATE OF DEPOSITION OF SEDIMENT. 

"We owe to Sir Archibald Geikie a most 
instructive method of estimating the exist- 
ing rate at which our continents and islands 
are being washed into the sea by the action 
of rain and rivers : by this we find that the 
present land surface is being reduced in 
height to the extent of an average of 1/2400 
foot yearly (according to Professor Penck 
1/3600 foot) . If the material removed from 
the land were uniformly distributed over an 
area equal to that from which it had been 
derived it would form a layer of rock 1/2400 
foot thick yearly — i. e., the rates of denuda- 
tion and deposition would be identical. But 
the two areas, that of denudation and that 
of deposition, are seldom or never equal, the 
latter, as a rule, being much the smaller. 
Thus the area of that part of North America 
which drains into the Gulf of Mexico meas- 
ures 1,800,000 square miles; the area over 
which its sediments are deposited is, so far 
as I can gather from Professor Agassiz's 
statements, less then 180,000 square miles ; 
while Mr. McGee estimates it at only 100,- 



000 square miles. Using the largest num- 
ber, the area of deposition is found to 
measure one- tenth the area of denudation; 
the average rate of deposition will therefore 
be ten times as great as the rate of denuda- 
tion, or 1/240 foot may be supposed to be 
uniformly distributed over the area of sedi- 
mentation in the course of a year. But 
the thickness by which we have measured 
the strata of our geological systems is not 
an average, but a maximum thickness ; we 
have therefore to obtain an estimate of the 
maximum rate of deposition. If we assume 
the deposited sediments to be arranged 
somewhat after the fashion of a wedge with 
the thin end seawards, then twice the aver- 
age would give us the maximum rate of de- 
position ; this would be one foot in 120 
years. But the sheets of deposited sedi- 
ment are not merely thicker towards the 
land, thinner towards the sea, they also in- 
crease in thickness towards the rivers in 
which they have their source, so that a very 
obtuse-angled cone, or, better, the down- 
turned bowl of a spoon, would more nearly 
represent their form. This form tends to 
disappear under the action of waves and 
currents, but a limit is set to this disturbing 
influence by the subsidence which marks 
the region opposite the mouth of a large 
river. By this the strata are gradually let 
downwards, so that they come to assume 
the form of the bowl of a spoon turned up- 
wards. Thus a further correction is neces- 
sary if we are to arrive at a fair estimate 
of the maximum rate of deposition. Con- 
sidering the very rapid rate at which our 
ancient systems diminish in thickness when 
traced in all directions from the localities 
where they attain their maximum, it would 
appear that this correction must be a large 
one. If we reduce our already corrected 
estimate by one-fifth, we arrive at a rate of 
one foot of sediment deposited in a century. 
No doubt this value is often exceeded ; 
thus in the case of the Mississippi Biver 
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the bar of the southwest pass advanced 
between the years 1838 and 1874 a distance 
of over two miles, covering an area 2.2 miles 
in width with a deposit of sediment 80 feet 
in thickness; outside the bar, where the 
sea is 250 feet in depth, sediment accumu- 
lates, according to Messrs. Humphreys and 
Abbot, at a rate of two feet yearly. It is 
quite possible, indeed it is very likely, that 
some of our ancient strata have been formed 
with corresponding rapidity. No gravel of 
coarse sand is deposited over the Missis- 
sippi delta ; such material is not carried 
further seawards than New Orleans. Thus 
the vast sheets of conglomerate and sand- 
stone which contribute so largely to some 
of our ancient systems, such as the Cam- 
brian, Old Red Sandstone, Millstone Grit, 
and Coal Measures, must have accumulated 
under very different conditions, conditions 
for which it is not easy to find a parallel ; 
but in any case these deposits afford evi- 
dence of very rapid accumulation. 

These considerations will not tempt us, 
however, to modify our estimate of one foot 
in a century; for though in some cases this 
rate may have been exceeded, in others it 
may not have been nearly attained. 

Closely connected with the rate of depo- 
sition is that of the changing level of land 
and sea ; in some cases, as in the Wealden 
delta, subsidence and deposition appear to 
have proceeded with equal steps, so that 
we might regard them as transposable 
terms. It would therefore prove of great 
assistance if we could determine the aver- 
age rate at which movements of the ground 
are proceeding ; it might naturally be ex- 
pected that the accurate records kept by 
tidal gauges in various parts of the world 
would afford us some information on this 
subject ; and no doubt they would, were it 
not for the singular misbehavior of the sea, 
which does not maintain a constant level, 
its fluctuations being due, according to 
Professor Darwin, to the irregular melting 



of ice in the polar regions. Of more im- 
mediate application are the results of Herr 
L. Holmstrom's observations in Scandina- 
via, which prove an average rise of the pen- 
insula at the rate of three feet in a century 
to be still in progress ; and Mr. G. K. Gil- 
bert's measurements in the Great Lake dis- 
trict of North America, which indicate a 
tilting of the continent at the rate of three 
inches per hundred miles per century. But 
while measurements like these may furnish 
us with some notion of the sort of speed of 
these changes, they are not sufficient even 
to suggest an average ; for this we must be 
content to wait till sufficient tidal observa- 
tions have accumulated and the disturbing 
effect of the inconstancy of the sea level 
eliminated. 

It may be objected that in framing our 
estimate we have taken into account me- 
chanical sediments only, and ignored others 
of equal importance, such as limestone and 
coal. With regard to limestone, its thick- 
ness in regions where systems attain their 
maximum may be taken as negligible ; nor 
is the formation of limestone necessarily a 
slow process. The successful experiments 
of Dr. Allan, cited by Darwin, prove that 
reef-building corals may grow at the aston- 
ishing rate of six feet in height per annum. 

In respect of coal there is much to sug- 
gest that its growth was rapid. The car- 
boniferous period well deserves its name, 
for never before, never since, have Carbona- 
ceous deposits accumulated to such a re- 
markable thickness or over such wide areas 
of the earth's surface. The explanation is 
doubtless partly to be found in favorable 
climatal conditions, but also, I think, in the 
youthful energy of a new and overmaster- 
ing type of vegetation, which then for the 
first time acquired the dominion of the 
land. If we turn to our modern peat- 
bogs, the only Carbonaceous growths avail- 
able for comparison, we find from data given 
by Sir A. Geikie that a fairly average rate 
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of increase is six feet in a century, which 
might perhaps correspond to one foot of 
coal in the same period. 

The rate of deposition has been taken as 
uniform through the whole period of time 
recorded by stratified rocks; but lest it 
should be supposed that this involves a 
tacit admission of uniformity, I hasten to 
explain that in this matter we have no 
choice ; we may feel convinced that the rate 
has varied from time to time, but in what 
direction, or to what extent, it is impossible 



the greater magnitude and frequency of the 
tides, and thus while larger quantities of 
sediment might be delivered into the sea, 
they would be distributed over wider areas, 
and the difference between the maximum 
and average thickness of deposits would 
consequently be diminished. Indications 
of such a wider distribution may perhaps 
be recognized in the Paleozoic systems. 
Thus we are compelled to treat our rate of 
deposition as uniform, notwithstanding the 
serious error this may involve. 




Fig. 2. — Chart of the distribution of land and sea, and of the thickness of deposits of the Cambrian system- 
The dotted lines indicate distances of 100 and 200 miles from the shore. 



to conjecture. That the sun was once much 
hotter is probable, but equally so that at an 
earlier period it was much colder; and 
even if in its youth all the activities of our 
planet were enhanced, this fact might not 
affect the maximum thickness of deposits. 
An increase in the radiation of the sun, 
while it would stimulate all the powers of 
subaerial denudation, would also produce 
stronger winds and marine currents; 
stronger currents would also result from 



The reasonableness of our estimate will 
perhaps best appear from a few applications. 
Fig. 2 is a chart, based on a map by De 
Lapparent, representing the distribution of 
land and sea over the European area during 
the Cambrian period. The strata of this 
system attain their maximum thickness of 
12,000 feet in Merionethshire, Wales; they 
rapidly thin out northwards, and are ab- 
sent in Anglesey ; scarcely less rapidly to- 
wards Shropshire, where they are 3,000 feet 
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thick ; still a little less rapidly towards the 
Malverns, where they are only 800 feet 
thick ; and most slowly towards St. David's 
Head, where they are 7,400 feet thick. The 
Cambrian rocks of Wales were in all prob- 
ability the deposits of a river system which 
drained some vanished land once situated 
to the west. How great was the extent of 
this land none can say; some geologists 
imagine it to have obliterated the whole or 
greater part of the North Atlantic Ocean. 
For my part, I am content with a somewhat 
large island. What area of this island, we 
may ask, would suffice to supply the Cam- 
brian sediments of Wales and Shropshire ? 
Admitting that the area of denudation was 
ten times as large as the area of deposition, 
its dimensions are indicated by the figure 
ab edon the chart. This evidently leaves 
room enough on the island to furnish all 
the other deposits which are distributed 
along the western shores of the Cambrian 
sea, while those on the east are amply pro- 
vided for by that portion of the European 
continent which then stood above water. 

If one foot in a century be a quantity so 
small as to disappoint the imagination of 
its accustomed exercise, let us turn to the 
Cambrian succession of Scandinavia, where 
all the zones recognized in the British 
series are represented by a column of sedi- 
ment 290 feet in thickness. If 1,600,000 
years be a correct estimate of the duration 
of Cambrian time, then each foot of the 
Scandinavian strata must have occupied 
5,513 years in its formation. Are these 
figures sufficiently inconceivable ? 

In the succeeding system, that of the 
Ordovician, the maximum thickness is 17,- 
000 feet. Its deposits are distributed over 
a wider area than the Cambrian, but they 
also occupied longer time in their forma- 
tion ; hence the area from which they were 
derived need not necessarily have been 
larger than that of the preceding period. 

Great changes in the geography of our 



area ushered in the Silurian system: its 
maximum thickness is found over the Lake 
district, and amounts to 15,000 feet ; but 
in the little island of Gothland, where all 
the subdivisions of the system, from the 
Landovery to the Upper Ludlow, occur in 
complete sequence, the thickness is only 
208 feet. In Gothland, therefore, according 
to our computation, the rate of accumula- 
tion was one foot in 7,211 years. 

With this example we must conclude, 
merely adding that the same story is told 
by other systems and other countries, and 
that, so far as my investigations have ex- 
tended, I can find no evidence which would 
suggest an extension of the estimate I have 
proposed. It is but an estimate, and those 
who have made acquaintance with ' esti- 
mates ' in the practical affairs of life will 
know how far this kind of computation may 
guide us to or from the truth. 

This address is already unduly long, and 
yet not long enough for the magnitude of 
the subject of which it treats. As we 
glance backwards over the past we see 
catastrophism yield to uniformitarianism, 
and this to evolution, but each as it disap- 
pears leaves behind some precious residue 
of truth. For the future of our science our 
ambition is that which inspired the closing 
words of your last President's address, that 
it may become more experimental and 
exact. Our present watchword is Evolu- 
tion. May our next be Measurement and 
Experiment, Experiment and Measurement. 

W. J. SOLLAS. 



1BE INTERNATIONAL CONGRESSES OF ME- 
TEOROLOGY AND AERONAUTICS 
AT PARIS. 

These Congresses were held nearly simul- 
taneously on account of their allied inter- 
ests. The Meteorological Congress, which 
began its sessions on September 10th, had the 
same character as the Congress held during 
the Paris Exposition of 1889, that is to say, 



